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Abstract 

Petroleum waste of scale, sludge and sand that maintained various level of naturally occurring 
radioactive materials could also contain heavy and toxic elements which cause hazardous pollution to 
human health and the environment so that determination of these elements in waste petroleum samples 
are important to refineries, industrial processes, waste disposal and transports. Thus, the present work 
will focus on the evaluation the concentrations of metals, heavy and toxics elements in waste 
petroleum samples from petroleum companies located in Egypt and Kuwait using Inductively Coupled 
Plasma Optical Emission Spectrometer (ICP-OES) and X-Ray Fluorescence (XRF) Techniques. 6 
samples of scale, sludge and sand were collected, 3 samples from Kuwait petroleum companies and 3 
samples from Egypt as well. More than 17 elements of metals, heavy elements and toxic metals of (Si, 
Cu, Al, S, K, Ca, Na, Mn, Fe, Zn, Pb, As, Br, Sr, Rh, Ba and Ti) were detected in the selected samples 
with various values. All the studied samples had high concentrations of Fe, K, Ca, S and Si rather than 
the other elements. The concentration of Iron in Egyptian samples was higher than in Kuwait samples 
whilst silicon and potassium were greater in Kuwait samples. All the other elements were almost same 
in Egyptian and Kuwait samples. Furthermore, the toxic element of barium was detected in Egyptian 
samples with high concentration but it was not detected in Kuwait samples (XRF). The two 
measurement methods show good agreement. No significant differences. The obtained results imply 
that the petroleum wastes need more monitoring in order to minimize the environmental pollution. 
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1- Introduction 


Petroleum industry is the main source of national income in Kuwait and important income 
source for Egypt also and many countries all over the world. At the same time it could cause negative 
impact to the environment and human health due to its waste. Several researchers reported that 
petroleum waste of scale, sludge and sand maintained various concentrations of naturally occurring 
radioactive materials (NORM) which increase radiation dose received to individual [1,2]. It could also 
contain different type of heavy and toxic elements with high concentrations [3]. Therefore 
measurement the concentration of heavy and toxic elements and metal is very important in order to 
decrease the environment pollution and to protect human health. Thus the present study will measure 
the concentration of those elements in waste petroleum samples collected from petroleum companies 
located in Egypt and Kuwait using Inductively Coupled Plasma Optical Emission Spectrometer (ICP- 
OES) and X-Ray Fluorescence (XRF) Techniques. 

It is easy to see why ICP-OES is such a robust technique for busy oil analysis laboratories. 
The ICP-OES method for the determination of additive elements, wear metals and contaminants in 
used oils as well as the determination of selected elements in base oils. X-ray fluorescence 
spectrometry (XRF) is also used for elemental determinations in oil. This application note compares 
the performance of ICP-OES with XRF for 5 elements (calcium, magnesium, phosphorus, sulfur and 
zinc) commonly determined by XRF. Oil analysis by XRF is very fast but limited in concentration 
range. ICP-OES has the concentration range necessary to determine additives, wear metals and 
contaminates in oils and can quickly determine the 22 elements suggest.Wear metals such as copper 
and iron may indicate wear in an engineor any oil-wetted compartment.Boron, silicon or sodium 
mayindicate contamination from dirtor antifreeze leading to a failure. Additive elements such as 
calcium, phosphorus and zinc are analyzed for depletion which contributes to wear since these 


- 2 - 



elements contribute to certain key lubrication characteristics. A sound maintenance program which 
routinely measures metals in the lubricating oils not only reduces the expense of routinely dismantling 
the components for visual inspection, but can indicate unexpected wear before component failure. 
Element determination and quantification in liquid and solid petroleum samples is a topic of great 
interest in many fields. Usually, environmentally important elements are present at very low 
concentrations (trace and ultra-trace levels) and therefore the use of sensitive instrumental analytical 
techniques is mandatory. 

Each of these techniques has its advantages and draw backs and thus, few laboratories rely only 
on one of these analytical methods but often use complementary combinations of them [4, 5]. This 
article gives an overview of the most commonly used analytical techniques of ICP-OES and XRF for 
element analysis of liquid and solid Petroleum samples in which the XRF technique can be used [6,7] 
to elemental determinations from sodium to uranium with concentration in the range of ppm. The most 
frequent form of sample preparation for XRF is the creation of pressed pellets. The XRF technique has 
the ability to handle wide variety of samples, including powders, liquids and solids [8, 9]. Special 
attention is given to current instrumentation and the advantages and limitations of each configuration 
mode are shown. One of the drawbacks of most Prodigy High Dispersion Inductively Coupled Plasma 
Optical Emission Spectrometer (ICP-OES) for the Quantitative analysis of solid samples [10, 11] and 
have become popular in analytical laboratories owing to their versatility. In a few minutes, the (ICP- 
OES) can produce high quality data for elements with wide range of atomic masses, from Li to ~ U. 
The best results are obtained for elements that have ionization potentials lower than those of the 
carrying gas (Ar, 15.8 eV) and that are free of isobaric interferences. 

The most common applications for ICP-OES are in biological, environmental, geological, and 
industrial fields. .The analyses of samples were performed in the Central Laboratory for Elemental and 
Isotopic Analysis, Nuclear Research Center, Atomic Energy Authority. For elemental analysis of the 
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collected samples, the JMS PLASMA X2 High Resolution Inductively Coupled Plasma Optical 
Emission Spectrometer (ICP-OES) was used for extremely low limits of detection (at 
microgram/nanogram per liter level) or isotopic analysis of different elements present in a sample is 
required, then ICP-OES systems are preferred. The unequivocal separation of analyze ions from 
spectral interferences is a prerequisite for accurate and precise elemental analysis when using such 
instrumentation [6, 12]. The potential use of ICP-OES for elemental and isotopic quantitative analyses 
was demonstrated early in the stage of its development (Hoefs, 1987) [13]. ICP-OES is used in a wide 
range of fields including earth sciences, medical applications, environmental studies, and in nuclear 
industry. The range and combination of elements, which can be analyzed by ICP-OES, is very broad. 

The analytical tools used so far (ICP-OES) don’t allow the analysis of the complete list, or in a 
reasonable analysis time that fits with routine analysis requirements. A rapid, sensitive, and multi- 
elemental method is then required to analyze trace elements occurring in crude oil or other petroleum 
products. Recently, ICP-OES was used to determine trace metals in petroleum samples, crude oils and 
their fractions (Dreyfus et al., 2005). In this study, an original method was developed that allowed 
direct determination of very low level trace elements in the range of few ppb. Sample throughput and 
multi-elemental capabilities are some common benefits of ICP-OES and compared to x-ray florescence 
technique (XRF). The inherent high sensitivity of ICP-OES detection together with isotopic ratio 
capabilities opens new fields of applications in petro chemistry or geochemistry of petroleum products. 
The combination of these two techniques thus provides a very wide concentration range of metal 
compounds to be determined on a routine basis, ICP-OES being preferred for major element analysis 
(Fe, Ni and V). However, these two techniques were not initially designed for organic samples analysis 
and specific configuration of sample introduction systems are required in order to minimize organic 
solvent load into the ICP plasma. 
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These techniques give sufficient detection limits for the common applications so, while the 
importance of metals in the products has not been ignored, not much attention has been given to 
updating analytical methods to take advantage of new technology such as ICP-OES. Papers published 
during these years have mainly discussed sample preparation such as emulsification [19], solvent 
extraction [20], and so on with XRF or ICP-OES. Although the superior sensitivity of ICP-OES is well 
known and ICP-OES is accepted in a variety of industrial fields, ICP-OES hasnot been widely utilized 
for routine applications in thepetrochemical industry. There are various reasons for this, including the 
fact that petroleum manufacturing and refining sites do not require the superior sensitivity offered by 
ICP-OES. Another factor is that the high purity organic reagents needed for ultra-trace analysis are not 
commonly available in the commercial market. For example, metallic standards for petroleum samples 
analysis are manufactured by very few vendors. Although several elements can be determined by ICP- 
OES, the number of elements included in commercially available organic standards is around 30 at 
most. That number is sufficient for most existing methods, because the other elements are typically too 
low to be determined using ICP-OES. Regardless of the detection mode, analysis of petroleum samples 
presents a significant challenge for ICP instrumentation. It is very difficult to sustain an ICP when 
introducing organic solvents, particularly volatile ones. For ICP analysis, a liquid sample [21] is 
typically converted to an aerosol by anebulizer; at the same time, a large amount of solvent vapor is 
created and transported to the ICP torch, even when a chilled spray chamber is used. Sample aerosol 
droplets and particles coming out of the central tube of the torch pass through the center of the plasma. 
However; organic vapor cannot do so because the high temperature argon plasma has a much higher 
viscosity than the low temperature organic vapor. If the linear velocity of the carrier gas is not high 
enough [22] to penetrate the plasma, the vapor surrounds the plasma and, as a result, cuts off the 
electromagnetic coupling between the load coil and ICP. The use of a narrower bore injector such as 
1.0 mm internal diameter increases the linear gas velocity and allows the sample aerosol to punch 
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through the plasma, soenabling organic solvent introduction, but the sensitivityis reduced by 
approximately 30% compared to a typical injector used with aqueous samples. For analysis by ICP- 
OES, the high concentration of carbon matrix in the organic samples could [23] also lead to soot 
deposits on the sampling cone and torch. In order to avoid such deposits, ICP-OES requires the 
addition of O 2 to the carrier gas to decompose the carbon in the plasma. In order to ignite the ICP with 
Oo gas present, a very robust radio frequency (RF) generator circuit is required. Successful analysis of 
petroleum samples using ICP-OES must overcome these challenges. The all solid state RF generator 
for the Agilent 7700 series ICP-OES is so robust that a 1.5 mm injector torch can be used to introduce 
most organic solvents. Moreover, the ignition of the ICP is possible with organic solvent and oxygen 
[24] present. These applications note compares the performance of ICP-OES with XRF for all 
elements (Si, P, S, K, Ca, Mn, Fe, Zn, As, Bras, Rh, Ba, Ho, Ti) commonly determined by XRF.Wear 
metals [25] such as copper and iron may indicate wear in an engine or any petroleum oil Samples 
wetted compartment. Boron, silicon or sodium may indicate contamination from dirt or antifreeze 
leading to a failure. Additive elements such as calcium, phosphorus and zinc are analyzed for depletion 
which contributes to [26] wear since these elements contribute to certain key lubrication 
characteristics. It is easy to see why ICP-OES is such a robust technique for busy petroleum samples 
analysis laboratories. This question is addressed in this work using ICP-OES and hand-held XRF to 
examine a variety of petroleum samples. Ease of [27] use and agreement between techniques at the 
current level for all elements were evaluated [28]. 

2- Experimental apparatus: 

6 samples of scale, sludge and sand were collected from petroleum companies located in Egypt 
and Kuwait. Then the samples were dried in oven at 110 °C for 24 h. The they were sieved and 
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chemically prepared for measurements. The samples were measured using Prodigy High Dispersion 
Inductively Coupled Plasma Optical Emission Spectrometer (Teledyne Leeman ICP-OES USA) and 
X-Ray Fluorescence Technique (XRF) figure 1,2 at Central Laboratory for Elemental and Isotopic 
Analysis, Nuclear Research Center, Egyptian Atomic Energy Authority, Cairo, Egypt, under the 
operational conditions of ICP- OES as shown in Table 1. 

3-Results and Discussion: 

The analysis of scale, sludge and sand samples by hand-held XRF and ICP-OES are shown in 
Tables 2-7. The check mark in the XRF column indicates the XRF analysis displayed a lead value 
higher than the limit of 600 mg/kg in the screened toy indicating further quantitative analysis is 
recommended. The value determined by ICP-OES confirms that the value was higher than the 
regulatory limit in the coating or for a total analysis of the substrate material. 
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Table (1): Show the operational conditions of ICP- OES. 




Fig. (2) XRF technique set up. 


Tables 2-7 show the results for selected samples analysis of three different types of samples. It is 
interesting to note the lead level is high, in agreement with the XRF analysis. Several other elements, 
such as chromium, are also high. The XRF value reported for Zn was 0.1239 mg/kg (Table 2). 
Regulations are continually changing and may require different elements to be monitored in the future, 
at different concentration levels [29] . One way to help in preparing for that eventuality is the use of the 
universal data acquisition (UDA) feature, exclusive to the Optima ICP-OES software. In this case the 
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Optima ICP-OES collects data for all of the wavelengths all of the time. If a standard is run at the time 
of the original data acquisition that includes more elements than the elements of interest at that 
moment, other elements can be measured with good quantitative accuracy by reprocessing at a later 
date. If an elemental concentration is of interest for an element that was not included in any of the 
usual multi-element [30] standards, reprocessing can provide a semiquantitative result, usually within 
±30% of the true value. Both the original set of elements reported and the elements determined later by 
reprocessing the data to examine the information previously stored for those elements are listed. This 
can be useful in petroleum samples that may have been disposed or in better understanding the scope 
of petroleum samples in preparing for future analyses. 

This work presents an analysis of macro and micro element maintains in petroleum samples in 
a comparison with the newest literature data. Calcium contents of the petroleum samples varied in 
most of the studies between 0.9 - 1.02 mg/kg. Average Mn concentration of the petroleum samples was 
0.25 - 0.28 mg/kg, Ca contents of the petroleum samples is from 14.01-15.83 mg/kg, potassium 
contents from 12.30 - 26.15 mg/kg. Iron contents of petroleum samples were found in extreme cases 
between 5.71 - 172 mg/kg (agreed with XRF results) illustrated in figures 3-7, which is not affected by 
the environment, the iron intake and the contraceptive preparations. S contents of the petroleum 
samples vary between 13.14 - 10.58 mg/kg. The effect of analysis on the as contents is controversial, 
and it appears that the as contents are not influenced by either the nutriment or the as intake. Br 
contents of the petroleum sampleswere measured to be between 0.29-0.57 mg/kg, it is difficult to 
specify an average value due to variations of order of magnitude. Similarly, there are extreme values 
obtained for the Sr contents 0.51 - 0.61 mg/kg, which can be explained by the different Sr intake of the 
petroleum samples, or by extreme Sr burden of the environment. Out of the other micro elements, we 
analyze the nickel, cobalt, barium, selenium, hafnium and silicon maintained in petroleum samples, 
while among all toxic trace elements, we focus on the concentration of cadmium, lead, mercury and 
barium in petroleum samples as given in Tables 2-7. Amount of latter ones in the petroleum samplesis 
affected by contaminated the polluted urban air; exhaust gas of the motor vehicles, the polluted 
environment. Holmium contents of the petroleum sampleswere measured to be 0.15 mg/kg. Barium, 
beryllium, bismuth, cadmium, cesium, lanthanum, lithium, rubidium, antimony, tin, strontium, 
thallium content was determined. It was established that concentration of such toxic elements like 
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barium, beryllium, and lithium was considerably higher, and it appears that bismuth, strontium does 
not change. Concentration of barium, cesium, and strontium decreases the suckling, which can mean 
even a difference of 60%, which that must be taken into consideration when collecting the petroleum 
samples. Also in this study we determined toxic element of transitional aluminum and arsenic. The 
aluminum concentration was measured to be 1.26 - 37.22 mg/kg, and arsenic concentration to be 0.02 - 
1.06 mg/kg. Coni et al. [29] analyzed some trace elements. 

For the petroleum waste samples the following trace element concentrations were obtained: 
barium, bismuth, lithium, strontium, and thallium. Beyond determination of the micro elements it was 
also examined the materials of interest were linked in the petroleum samples. Wappelhorst et al. [30] 
determined cerium, gallium, lanthanum, niobium, ruthenium, silver, thorium, titanium and uranium 
content of petroleum samples and examined. Based on micro element content of the petroleum 
samples, it was calculated in what ratio the micro element present in the petroleum samples. The 
calculated transfer factor for silver was 5.1, for cerium 16.1, for gallium 19.1, for lanthanum 13.8, for 
niobium 20.7, ruthenium 4.1, for antimony 13.2, for thorium 20.2, for titanium 5.6, and for uranium 
21.3. The transfer factors significantly differed from each other in case of the individuals. These 
differences were explained by the differences in the petroleum samples production. Average silver 
content of the petroleum sampleswas measured to be 0.33 pg/kg, cerium content to be 0.03 pg/kg, 
gallium content to be 0.03 pg/kg, lanthanum content to be 0.04 pg/kg, niobium content to be 0.02 
pg/kg, ruthenium content 0.18 pg/kg, antimony content to be 0.04 pg/kg, thorium content to be 0.03 
pg/kg, titanium content to be0.08 pg/kg and radium content to be 0.02 pg/kg. Arsenic content of 
petroleum samples was 0.9 pg/dm and that of petroleum samples was 5.2 pg/dnr. Toxic elements in 
petroleum samples raise the important issues for pediatric practice, for the practice of public health, 
and for the environmental health research community. There is in sufficient information on the nature 
and levels of contaminants in petroleum samples. Feasible analytical methods are now available for 
lead and cadmium in petroleum samplesand in this research line, exposure to other toxic metals from 
different sources, can also be able to be measured in petroleum samples. The results of this study will 
lead into the consideration of chemicals in petroleum samplesas an invaluable tool in environmental 
risk assessment. 
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Table 2 : Analysis of sludge, scale and sand samples using XRF technique 



ND not-detected 



Fig. (3): Spectrum of the Sludge (Egypt) Sample Code (ESL5) analyzed by the XRF Technique 
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Fig. (4) Analysis of the Sludge Samples Code (ESL5) & (KSL1) Using XRF Technique. 



Fig. (5): Spectrum of the Sand around oil well (Egypt) Sample Code (ESI) analyzed by 

The XRF Technique 
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Fig. (6) Analysis of the Sand Samples Code (ESI) & (KS2) Using XRF Technique. 
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Fig. (7) Analysis of the Scale Samples Code (EScl) & (KScl) Using XRF Technique. 
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Table (3) ICP-OES Technique Results 
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Table (4) ICP-OES Technique Results 
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Table (5) ICP-OES Technique Results 
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Table(6) ICP-OES Technique Results 


Sample Type 

Sample Code 

J Analytes 1 

Detector 

Scale 

EScl 

Cd, Pb, Sr, Zn, Cu, Cr, 
Al, V, Na, K, Ca, Mg, Fe, 
Mn, Ba, Co, Mo, Gd, Lu, 
Si, La, Sm, Er. 

ICP-OES 

KScl 

Sludge 

ESL5 

As, Cd, Cs, Pb, Ag, Sr, Zn, Cu, 
Cr, Al, V, Na, K, Ca, Mg, Fe, 
Ni, Mn, Ba, Zr, Mo, Nd. 

ICP-OES 

KSL1 

Sand 

ESI 

As, Cs, Pb, Se, Sr, Zn, Cu, Cr, 
Al, V, Na, K, Ca, Mg, Fe, Ni, 
Mn, Ba, Co, Zr, Mo, Eu, Gd, 
Si, La, Tm, Er. 

ICP-OES 

KS2 


Table (7) XRF TechniqueResults 


Sample Type 

Sample Code 

Analytes 1 

Detector 

Scale 

EScl 

Si, S,K,Ca,Ti, 
Cr,Mn, Fe,Cu,Sr, 
Ho, Zn, Ru, Ba, Br. 

XRF 

KScl 

Sludge 

ESL5 

Si, P,S, K,Ca, 
Mn, Fe,Zn, As, Br, 
Sr,Ba, Ho,Ti. 

XRF 

KSL1 

Sand 

ESI 

Al, Si, S,P, K, 
Ca,Ti,Cr,Mn, Fe, 
Rb, Sr, Zr, Zn, Ru, Ba. 

XRF 

KS2 
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Conclusion: 


Heavy and toxic elements and metals maintained in waste petroleum samples of scale, sludge 
and sand collected from Egyptian and Kuwait petroleum companies were measured using XRF and 
ICP-OES techniques. XRF provides rapid screening with a high degree of confidence and ICP-OES 
confirms the evaluation of elements concentration with highly accuracy. ICP-OES analysis shows 
good agreement with X-ray fluorescence spectroscopy on the high concentration elements. More than 
17 elements of metals, heavy and toxic elements of (Si, Cu, Al, S, K, Ca, Na, Mn, Fe, Zn, Pb, As, Br, 
Sr, Rh, Ba and Ti) were detected in the studied samples. The major elements of Fe, Si, Ca, K, S, P and 
Ba were detected with various concentrations in sludge, scale and sand samples. It was notice that Fe 
concentration was higher in Egyptian samples than in Kuwait sample while the other elements were 
higher in Kuwait samples. Nevertheless, toxic element of barium was detected in Egyptian samples 
with high concentration of 18.02% but it was not detected in Kuwait samples (XFR). These results 
high light the importance of monitoring the waste petroleum samples of scale sludge and sand to 
minimize the hazardous to human health and environmental pollution. 
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